The discounted gene-flow method is used to calculate the effects of varying cow replacement and beef crossing rates on the breeding policy appropriate for a dual-purpose cattle population. It is shown that increasing beef crossing and increasing cow replacement rates both increase the number of expressions of a bull's dairy genotype following one insemination while the expressions of his beef genotype are little affected. The result of this is that (i) a high level of beef crossing is efficient, ( 2 ) more emphasis should be given to dairy traits in selecting bulls, ( 3 ) the return for investment in dairy bull testing and selection is enhanced.
INTRODUCTION
Dual purpose bulls for use in AI should be selected for a weighted function of their additive genetic merit for the dairy and beef traits of interest in the population concerned. In a previous paper (M C C LIN TOC K and CuNNiN&HAM, 197 1) it was shown that the selection objective can be defined to reflect the real economic value of the bull's total genotype as expressed through one insemination. This requires that each beef or dairy trait be weighted by a factor which is the product of two elements : a) the financial value of a unit of production for the trait; b) the number of standardised expressions of the bull's genotype for the trait, which will follow from one insemination.
The financial element depends on production costs and market returns. In any particular population, it will be relatively fixed. The relative degrees of expression ( 1 ) Present Address : Milk Marketing Board, Thames Ditton, Surrey, England. of the bull's beef and dairy genotype depend primarily on the probability that the calf born from an average insemination will become a dairy cow. This probabiliy in turn depends on two aspects of population structure : the amount of crossing with beef bulls and the replacement rate of dairy cows. In this paper, we examine the way in which these factors affect the definition of the breeding objective, and through it the whole breeding strategy in dual purpose cattle populations.
METHODS
We define as « dual-purpose » The calculation and evaluation of the selection indexes involved was carried out using the general index program Selind (CurrrrcrrcxaM, i9!o).
The object of this study is to clarify the effect of varying beef crossing and cow turnover rates on the breeding strategy for dual-purpose cattle. These factors enter into En and Ea, and therefore into the net economic weights which should be used to define the balance of beef and dairy traits in the breeding objective. In order to trace the effects of beef crossing and cow turnover rates, it is therefore necessary to fix as far as possible the other factors involved. We have taken a value of 12 . 5 for the ration aa/6 a and z/ 7 for the ratio F/a!b. figure 2 . The number of beef expressions is essentially the same whatever the level of crossbreeding. The reason for this is that a large proportion of the net discounted beef expressions comes from an actual beef progeny. As K increase, a larger proportion of heifer calves per dairy insemination are required as herd replacements, and the probability that such an insemination leads directly to a beef progeny is therefore reduced. However, since the probability that the insemination leads to a replacement female is simultaneously increased, the probability of beef expressions in later generations via the female, is also increased, which offsets the corresponding reduced probability of a progeny beef expression. The result is that the total number of discounted beef expressions is relatively stable, whatever the breeding structure of the population.
In contrast, the number of dairy expressions incrases steadily as K increases. The result is that the ratio Ea/En also increases nearly linearly with K. The effect of increasing K is therefore to increase the weighting on milk relative to beef in the selection objective. This has widespread consequences for the breeding programme : it increases the emphasis on milk in bull selection, increases the total return on investment in testing, and increases the proportion of this return which comes via milk. The higher the cow replacement rate (i. e. the fewer lactations per cow), and _ the higher the percentage of cows bred to beef bulls, the greater will be the probability that a dual-purpose insemination will result in a dairy animal. This probability is the key to the other results. As it increases, so does the probability of dairy descendants in later generations. The result is that the number of discounted dairy progeny equivalents per insemination increases rapidly. However, the probability of an initial dairy progeny has little effect on the discounted beef progeny equivalents per insemination. The reason for this is that the beef consequences of the insemination are expressed either in an immediate progeny or through the beef descendants in later generations which arise via a dairy daughter. The probabilities of these two outcomes are complementary : as one goes up the other must come down. The result is that irrespective of the probability of the initial insemination leading to a dairy daughter, the total effect in terms of discounted beef progeny equivalents is relatively static.
As beef crossing (K) increases, a higher proportion of the heifer calves resulting from dairy inseminations will be required for herd replacement. Thus the probability of a dairy insemination leading to a lactating daughter is increased. The result is that the ratio of expressions moves very much in favour of dairy traits. This has a parallel effect on the ratio of economic weights for dairy and beef traits in the selection objective. We therefore find that both the ratio of expressions and ratio of economic weights increase rapidly as beef crossing increases and more slowly as the number of lactations per cow goes down ( fig. 2 and table 3 ). Note that while the absolute number of beef and dairy expressions depends on the rate of cow turnover, their ratio is, within rounding errors, the same for all levels of cow turnover provided beef crossing is at its maximum.
As the balance of economic weights moves in favour of milk, the total financial return per insemination increases fairly rapidly. The reason for this is basically that the economic value of the increased number of dairy expressions is being added to the nearly constant economic return from the beef expressions. In table 3 , the relative returns per insemination are given by number of lactations per cow and by proportion of crossbreeding. Since in these calculations we have assumed that the information used and cost incurred for each bull selected is the same for all situations, those conditions which increase the return per insemination also increase the total return on the investment in bull testing and selection.
One effect of changes in the relative economic weights in the breeding objective will be to alter the value of the different items of information ( 
